In 1918, a crude influenza vaccine made from chemically inactivated, mixed cultures of respiratory bacteria was widely used prior to the understanding that influenza was caused by a virus. Such vaccines contained no viral material and probably consisted largely of bacterial endotoxin. The Australian military used such a vaccine on Samoa in December 1918 and thought it was valuable. Post hoc analyses suggest that the mixed respiratory bacteria vaccine may have actually been of some benefit, but the mechanism of such protection is unknown. Although such a crude vaccine would not be considered in a modern setting, the rapid use of problematic vaccines still remains a risk when new influenza types suddenly appear, as in 1976 and 2009.
Epidemic lethal infections hold a particular terror for humans that has only been partially resolved by the modern medical practice of immunization. When unfamiliar infections appear, there is a rush to prepare protective vaccines, as seen during the 2015 Ebola epidemic in West Africa. These efforts go back over the previous century, when our medical understanding of immunity was only beginning to be formed. Ever since Louis Pasteur demonstrated that vaccination protected people against the otherwise universally lethal rabies virus, there has been a desire to counter exotic lethal infections with immunizations. The influenza pandemic of 1918-1920 arrived at the end of the First World War, and although the exact number of deaths caused by influenza will never be known, the global toll clearly exceeded those killed in the war by several fold [1] . Australia had warning of the pandemic from Europe, which gave the Commonwealth Serum Laboratories (a predecessor of the current CSL) time to prepare a vaccine. Since Haemophilus influenzae was thought to be the causative agent from the previous 1890 pandemic, a mixture of common respiratory bacteria was made into a vaccine and given to more than 400,000 Australians [2] . This vaccine predated our understanding of the existence of viruses; the influenza virus itself was not isolated until the 1930s [3] . Although no one would make or use such a vaccine today, it was all that was available when the Pacific island state of Samoa was devastated by influenza. As it was the primary intervention used by the Australian military medical relief mission sent to Samoa in December 1918, it is illustrative to examine how this vaccine was employed [4] .
The tragic narrative of how the SS Talune ( Figure 1A ) brought influenza and thus mass mortality from Auckland, New Zealand to Fiji, Tonga, and Samoa with a ship captain, who denied knowing that influenza was an infectious disease, has been previously described [5] [6] [7] [8] [9] . News of the end of the First World War arrived just as Samoans began to die of influenza. By mid-November, it was clear that a disaster was underway and an urgent call for help went from Apia, Samoa to Wellington, New Zealand [6] . As New Zealand was also facing pandemic influenza, the as-yet-unaffected Australia was asked to send help in the form of a medical relief team on the naval cruiser HMAS Encounter ( Figure 1B ) [10] . Loaded in record time in Sydney with a refueling stop in Suva, Fiji, HMAS Encounter made rapid progress towards the stricken Samoan islands. The local European community mobilized to assist the Samoan population with food and water delivery to homes, a critical issue when everyone in a house became simultaneously ill [5] . HMAS Encounter arrived off Apia, Samoa on 3 December 1918 as the influenza epidemic was waning and assisted with the on-going medical relief. The ship's crew, along with the local garrison of the New Zealand Army, managed the difficult task of burying thousands of bodies as nearly the entire local population was incapacitated ( Figure 2 ) [5, 6, 11] . Immunization with the 'mixed bacterial' vaccine proceeded even though most Samoans by that time had already been infected. The estimated number of Samoan deaths of between 8000 and 9000 is similar to that in all of New Zealand and not far short of the 11,000 dead in Australia, countries with 25 and 125 times Samoa's population, respectively [7] [8] [9] 12] .
The Commonwealth Serum Laboratories in Australia produced a special vaccine mixture of chemically killed bacteria as a mélange of Haemophilus influenzae, Streptococcus pneumoniae, Streptococcus pyogenes, and Neisseria species (Figure 3) [4, 5, [13] [14] [15] [16] . This vaccine was effectively a large injection of endotoxin-like material and other toll-like receptor (TLR) agonists, which was repeatedly given to the 450 crew members of HMAS Encounter [10, 17] . HMAS Encounter had previously experienced influenza while the ship was off Western Australia in October 1918, when 16% of the sailors developed an influenza-like illness without any serious consequences. Once alerted to the need for a medical relief mission to Samoa at the end of November, sailors were given three to four sequential mixed bacterial vaccine injections such that they arrived off Samoa in early December 'vaccinated'. While in Samoa, 0.4% of the ship's crew developed influenza, although admittedly it was at the end of the epidemic [4, 13, 18] . When the influenza epidemic struck Australia in March 1919, 22% of the crew became ill, but none developed pneumonia or died [12] . No actual figures are available regarding the vaccine's effectiveness in the Samoan community. This is far from the 'miraculous' result claimed by the senior naval surgeon on HMAS Encounter, but as in other ad hoc tests of mixed bacterial vaccine, the crude vaccine may have had a protective effect [12, 13] . Bureaucratic arguments between the Governments of Australia and New Zealand continued for years concerning whose responsibility it was to pay for the relief mission and specifically the vaccines provided by the Australians to the people of Samoa [5] . Such a vaccine could do nothing specifically against the influenza virus, which had yet to be discovered. It is also difficult to see how such a mixed vaccine could generate an antibacterial immune response or how any such response would be matched to the particular serotype of the secondarily infecting organism(s) [19] [20] [21] . However, such crude vaccines had already been widely used in both England and the U.S., particularly in military populations [22] [23] [24] [25] . These 'mixed bacterial' vaccines did seem to have some positive effect in preventing mortality, although this was judged in comparative military studies of questionable design that greatly pre-dated any understanding of controlled clinical trials [4, 24, 26, 27] . Nevertheless, extensive analysis at the time and later using a more modern understanding of influenza seemed to confirm that at least some of the vaccines had a protective effect [28] .
One speculative possibility is that what was effectively a large injection of adjuvant modified the clinical course of influenza. Could such a vaccine have caused a positive rebalancing of the immune system [29] [30] [31] [32] ? Pre-infection TLR stimulation protected mice against highly lethal influenza challenges [33] . Where influenza vaccine was followed by lymphocytic choriomeningitis virus (LCM) infection in mice, the resulting cross-reaction and severe immunopathology could be largely prevented by anti-interferon or peptide-toleration therapy [34] . When devising means to counter 'original antigenic sin' (influenza strains back-boosting previous exposures) by using sequential H1N1 infections/immunizations, investigators found that innate immune activators with TLR activity (Pertussis toxin, CpG, oligo-deoxynucleotides) effectively protected mice against lethal challenge. This occurred when the TLR agonist was given at the same time as the challenge virus by enhancing neutralizing antibodies [35] . There are multiple reasons to see influenza infections as a balance between host protection and immunopathology. Perhaps future interventions will attempt to move the equation in favor of the host [30] [31] [32] 36, 37] .
Samoa in 1918 is only one example of when problematic vaccines were used during influenza pandemics. The 1976 National Influenza Immunization Program in the U.S. was a direct response to an epidemic in U.S. Army military trainees at Fort Dix, New Jersey of a strain of influenza virus thought to be similar to the 1918 pandemic virus. The public health decision to use an inactivated influenza vaccine based on the New Jersey strain and its political ramifications have been dissected ever since then. Although based on very competent public health advice, no subsequent pandemic appeared in 1976. Also, the occurrence of a few cases of a severe neurological disease, Guillain-Barré syndrome, meant that the entire immunization program was interpreted by the general public as a costly failure driven by political and not medical forces. Influenza immunization was unjustly discredited for a generation thereafter despite having delivered the specified vaccine on time.
Despite a better understanding of influenza pandemics and improved vaccines, when an H1N1 influenza virus that was very closely related to the 1918 strain did appear in 2009, it was still not possible to deliver a successful immunization program before the pandemic peaked in most populations. Despite improvements in vaccine technology, the requirement to clinically test any new product places an irreducible minimum time span on the interval from pandemic discovery to delivery of a pandemic vaccine [38] . Panic demand for a vaccine that still had to be prepared in hens' eggs could not be initially satisfied due to the long lead time required to produce, test, approve, and field a new influenza vaccine. The virus strain chosen grew slowly in eggs, so the 2009 influenza pandemic in the U.S. was largely over by the time the new vaccine was ready. The panic caused by a new viral pandemic had largely disappeared once it became apparent that the 2009 influenza was not highly lethal, as was first suspected from initial reports from Mexico. Uptake of the 2009 vaccine was low, and the public impression was that the public health system had failed to deliver adequate protection against influenza despite the rapid production of an appropriate vaccine.
Current seasonal influenza vaccines are less than perfect (efficacy usually in the 60-80% range), but generally are well worth having when the viral strains chosen for the vaccine are well-matched to the circulating influenza viruses. Our interventions against infectious diseases will have to evolve along with the highly mutable influenza virus if we are to avoid having to use problematic vaccines again, such as that used in Samoa in 1918.
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